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NATIONAL ADVISORY CXMWITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 141.

EXPERI?CZNTSWITH A BUILT-IN OR FUSELAGE RADIATOR.*

By C. Wieselsberger.

The experiments described in the following report were Fer-

J formed at the request of the Technical Section of the Air Serv-

ice (Flugzetzgmeisterei),with a view to determining whether rad-

iators having similar cooling p~operties offer less resistance

when incorporated in the fuselage, than when the hitherto cus-

tor@ry arrangement is employed, with the radiator in the free

. air ourrent more Or less independent of the fuselage. The fol-

lowing tests were oarried out in this connection:

1. Ikasurement of the fue~lage resistance when a special hood

g is fitted to the fuselage, in order to produce a suitably

shaped nose.

2. ?Ieasurementof the fuselage resistance with the shape of the

nose made to suit the radiator incorporated in the same. The

radiator was closed so that no air could PSS through it.

3. ?kasurement of the fuselage resistance with the radiator in–

corporate in the same, with air passing through it and escaping

laterally through vents. All the vents (9 on each stale)were -—

open.

4, Similar conditions as in 3, but with only the four front

vents open..

* From Technisc~e Berichte, Volume 111, Part 4. Communication
from the Gottingen Aerodynamic Laboratory, (1918).
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G.

7.

Similar conditions

vents cpen.

Similar ccn~itions

ing through the

K%asurement of the

In order to obtain

as in 3, but with only the four rear

as in 3, but with the cooling air esca~

open end of the fuselage.

radiator resis’tnce.alone.

the cooling effect, it is necessary to

r c:roukte a definite quantity of air through the radiator. The

quantity of air requited was observed in tests 3 to 7, and fomed

the basis for the measurement of the cooling effect.

The fuselage model of a D airplane, one-fifth size, was used

for these experiments, as shown in Fig. 1. The radiator was re- _

placed, as in former experiments with models, by two frames cov-

ered with fine wire netting, with a total frontal surface of

about 56 mz (8.68 in2), The model radiator is so constructed

it offers the same resistance to air flow as a real radiator,

that

while the side rents for discharging the cooling ai~ are formed –

by pieces of sheet metal fitting tangentially to the outer sur-

face of the fuselage, in order that the smcoth surface of the fus-

elage should be affected as little as possible. Internally, they

are bent over and present a rowded s~lrfacewhich has the effect

of decreasing the ai~ resistance. The total area of the vents is

approximately equal to the front surface of the radiator. The

engine, for the purpose of imitating the air flow in a real fuse-

lage, is represented by a wooden model ~, of similar shape.

All the experiments were made without a propeller.
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1 to 7 give the resistance of the fuselage and

enable a compzrisoP.between the arrangement of

the zacli~t.or ~F3T~ frou the fuselage and with the rafiiator5ncor-

yorated in the f-useisge. The hood ~ on ~kle nose of the fuse-

lage in test 1 gives a favorable shape as regards air reSiStaIICe.

Experiment 2, with the hood removed and the radiator closed so

$
that the air cannot pass through it, indi=tes the extent to

which the air resistance is increased.by the leas favorable s-pe

of the nose of the fuselage, nece~sitated by the ~ositim of the
,

radiator. Experiment 6, which has hardly any practical importance
.

in connection with these tests and in which the rear portion ~,

, of the fuselage was removed, served to determine the quantity of

air that passed through the radiator and the air veloci.tiyin the

effective discharge area p behj.ndthe radiator. The measure-
—

ments would appear, however, to be valuable in certain other as-

Fects, inasmuch as the velocity in the section behind the rtiiator

may alter when the point at which the cooling air is discharged

is varied, or in ether words, the readings may not be identical,

when the air is disc~arg~d through the vent-sand thro@h the end

of the fuselage. As, however, the same readings were obtained,

it may be assumed that the quantities of air as determined are

approximately correct. The quantity of air discharged was calcu-

lated from the drop in velocity which takes place as the air

yasses through the radiator.

The results of the tests in Tables I to VII are shown gra.ph-
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ically in Figs. 2 and 3. The curves 1 to 7

n;mbers of the above-mentioned experiments.
.

Cuzve 2, Fig. 2,

slightly increased

built-in radiator.

a maximum when all

is dischar~ed only

when the front of the fu~ekge is altsred by a

Curves 3 to 6 show that the resistance reaches ~

the vents aye open, and a minjrmm when the air

through the four rear vents on botk sides.

Fig. 3 demonstrates that resistance is closely connected with the

quantities flowing ~,lroughat any given time, which fact is of the

greatest importance. The maximum flow of air takes place when the

resistance is greatest. In the experiments s-ubmitted,the q&nti-

ty flowing through iS greatest when the fuseiage and the radiator

are separate. A comparison of experiments 4 and 5 shows t?~t the

qUZLnti.tiesof air cfic~lated with eq~al vent areas are glleater

when the rear vents are close~ A,t”this point of the f~fielage,

there is a Fartial VaCU~ which increases the droF in pressure

between the inlet and outlet o~enings.

The resistance of the Surface of the radiatoz Flus

the fuselage (skFe of fuselage according to e~eriment

shown by curve 8, Fig. 2. S5nce, however, the radiator

sists almost entirely Of the permeable ~rt without the

that of

1) is

model con-

water

tank, Which of course is required for the a&ual radiator and in-

creases the front surface, we obtain, in this instance, a resist-

ance surface which is too small.

It now becomes necessary to oompare the actual radiators, in

..—
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o~der to arrive at a correct solution

purpose the curves 9 and 10 have been
.

of the

added,

problem. For this

recalculated for the

resistance surface of 150/160 HP l~ercedesand 150/160 w Rumpler

radiatorg. The relation betreen the resistance and the quatity

of air passing through, is brought out st511 moze distinctly in

Fig. 4. The resistance kurface evidently increases in ProF’ortiOn .

to the quantity of air flowing through, when the fuselage and the

radiator are separate.

An additional radiator placed beside the original one would,

of course, double the quantity of air flowing through, “butthe

surface resistance would also be doubled. The relation between

resistance surface ~d the quantity of air flowing through is, in

this case, shown by the dash straight lines which cut the ordi-

nates$ and indicate the resistance surface of the f~elage. Lat-

eral discharge of the COoling air gives the

shown, each of which is determined by three

however, some distance from the lines which

continuous lines

points. These are,

represent the dis-

charge through the open end of the fuselage. If the lines repre- .

senting the discharge through the vents are extended to the ri@t

(for instance, by an amount equal to 50 m~sec (164 ft/see) air

velocity, in order to reach the discharge rate

tor in a free air current and this velocity is

ry fcr the cooling of the radiator}, we obtain

suzface than in the free air cu=ent (point s). The resistance iS

still further reduced if we qse the actual radiatom mentipned

through the radia-

considered necessa-

a smaller resistance
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a~o~e, instead of the radiator mckielwh.ioh gave the dash lines.

, The lines corresponding to 5C m/see are shown dotted. When the

radiator is incorporated in the fuselage, it is only possible to

obtain a quantity equal to that which flows through the &aF.iakor

in the free air current, provided the ktezal outlet vents are

widened or the quantity of air is increased by some special means>

such as fans.

the necessary

resistance of

a question of

ed in size in

l’?’hetherit will be possible, in practice, to obtain

cooling effect in

the fuselage, ban

construction. If

order to pass the

this way, together with reduced

not be decided here, since it is

the fuselage tiadiatoris increas-

necessary quantity of air through

it> the advantage of a sr.allerresistance will, under certain cir-

cumstances, be doubtful, owing to the greater weight of the radi-

ator. Should it, however, be possible to obtain the required flow

of air without introducing other detr~hental features, the exper-

iments show that the arrangement with the radiator incorporated

in the fuselage gives about 2@ less resistance than when the

radiator is separate, provided the latter is equi~ed with the

above-mentioned Mercedes radiator. A comparison between the fus-

elage radiator and the separately arranged Rumpler radiator shows

about 14~ less resistance in favor of the former.

Translated by
National Advisory Committee
for Aeronautics.
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Table 1.

Experiment 1. Fuselage with hood,
.

I 1. I

kg/m2

25.3

39=5

57.1

?7.8

101.8

123.7

lb/ ft2 m/see

5.18

Ei.09

11.69

15.93

20.85

26.36

20.1

25.1

30.2

35.3

40.3

45.i

ft/sec

65.94

82.35

99.08

115,81

132.22

148=95

85

127

181

242

312

384

lb

.187

.280

.3’39

.534

.6&8

.847

mi stance sur~ace,
SD

--t-

2
cm2 in

—.- —

33,-6{ 5.21

32.1 4.9E
..

31,‘7 4-.91

31.2
i

4.84 .,

30.6 4.74

~

Table 11.

Experiment 2. Fuselage with blunt nose.

Pressure, Velocity;

kg/m2

25.4

3!$.6

57.0

77.9

102.i)

128.6

I
lb/ft2 Im/see

v ‘-

‘5.20 I 20.0

8.11 25.0

11.67 29.9

15.95 I 35.0

20.89 40.0

26.34 I 45.0

ft/sec

65.62

82.02

98.10

:114:8!3

131.23

147.64

Resistance. Resistance surface,
D“

90

137

193

257

330

408

lb

.198

.302

.425

*567

,728

.899

SD
2,

cm in2

35*q 5.49

34*5 5.35

33.9 5.25

33.1 5*13 .

32.3 5.01

31.7 4.91
---
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Table 111,

Experiment 3. Cooling air discharged through 9 vents on eaCb side.

n Pressure,
q

kg/ma

25.3

39,6

57.1

?7.6

101.6

129.0

lb/ft2

5.18

8,11

11.69

15,89

aO.81

26.42

I

Resistance,
f

Velocity, Resistance, Resistance surface
v ‘- t 1)

m/sec ft/sec . g

20.1 65.94 163

25.2 82.68 250

30.2 99.08 356

35.2 115.49 477

40.3 132,22 616

45,4 148.95 764

I SD

Tabie 111 (Cont.)

Air flow.

lb cm2

.359 64.5

.551 63,1

.785 62.4

1.052 61,4

1.358 60.7

1.684 59.3

in2

10.00

9.78

9.67

9.52

9,41

9.19

Pressure, Velocity, Velocity through Quantity of
c1 v radiator section, air flowing

‘*
24.8 5.08

38.9 7.9’7

56.5 I Il. !37
76.9 I 15.75

100.5 I 20.58

Vr through,
Q3

m/sec ft/sec m/sec [ f~/sec Z/see ft/sec

14.8 48.56 7.1 23.29 39.6 1.40

19.9 65.29 9.5 31.17 53.1 1.82

24.9 81.69 11.8 38.71 66.0 2.33

30.0 ’38.42 14.4 47,24 81.0 2.86

35,0 114.83 16.8 55.12 94.4 3.33

40.0 131.23 19.0 62,34 106.0 3.74

.

-—
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Table IV.

Experiment 4. Cooling air discharged through 4 forward vents
. on each side.

pressure,

kg/m2

25.2

39.6

57.2

77.8

101.9

129.0

c1

lb;ft2

5.16

8.11

11.71

15,93

20.87

26.42

pressure,

q

kg/m2 Ilb/ft2
13.9

24.8

38.9

56.5

76.9

100.5

2.85

5.08

7.97

11.57

15.75 ‘“

20.58

Resistance.

Velocity,
v

rdsec

20.1

25.2

30.2

3!5.3

40.4

45.4

ft/sec

65.94

82.68

99.08

115.81

132.55

148.95

Resistance, R&sistance surface,
D

i---

g lb

130.7 .288

205
I

.452

284 .626

381 .840

490 1.G80

626 1.380

Table IV (Cont.)

Air flow.

Velocity, IVelocity through

v radiator seotion

Vr

m/sec I ft/sec m~sec \ ft/sec

14.9

19.9

24.9

30.0

35.0

40.0

48.88

65.29

81.69

98.42

114.83

131.23

5.2

6.8

8.5

10.2

12.1

13.8

1?.06

22.31

27.89

33.46

39.70

45.28

SD

cm2 I in2

52.0 I8.06
51.8

49.6

49.0

48.0

48.6

6.03

7.69

7.6G

7.44

7.53

,

Quantity of
air flowing

thr~ugh,

,/sec

28.9

38.4

47.8

57.2

86.0

77.2

ft?/sec

1.02

1.36

1.69

2.02

3.04

2.73
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Table V.

Experiment 5. Cooling air discharged through 4 rear vents
on each side.

Resistance.

Pressure, Velocity,

q v

kg/m2 lb/ft2 m/sec ft/sec

25.2 5.26 [ 20.1 65.94

39-618-1212592182*68

101.6 20.81. 140’31132-22
128.8 26.38

I
45.4 I 148.95

Pressure,

q

kg/m2 Ib/fts

14.0 2.87

24.8 5.08
.

39,0 7.99

56.6 I11.59
77.0 15.77

101.0 20”68

Resistance, Resistance surface,

D I
SD

117.1 I .258I 44.8 I 6.94

252.5 .55I7\ w.zi I 6.85

338.0 I .?45
I

43.4
I

6.73

439.0 I .968
I

43.2 I 6.70

543.0
I
1.197 I 42.2 \ G.54

Table V (Cont.)

Air flow.

Velocity, Velocity thro~~h Quantity of

v
radiator sections air flowing

Vr through,
Q

m/sec ft/sec m/see ft/sec ~/sec fS/sec

15.0 49.21 4.5 14.76 26.5 .94

19.9 65.29 6.0 19.68 33.6 1.19

25.0 82.02 7.7 25.26 43.0 1,52

30.0 98.42 8.8 28.87 49.0 1.73

35.1 115.16 10.6 34.?8 59*o 2.08

40.2 131.89
I

12.1 39.70 67.9 2.40
f

—
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Table VI.

* Experiment 6. Cooling air discharged through end of fusekge.

-a Resistance.

Pressure, Velocity
q v

25.4

39.5

57.1

77.9

101.8

128.7

lb/ft2

5.20

8.09

11.69

15.95

20.85

26.36

I

Resistance, Resistance surface,

Table VI (Cont.)

Air flow.

Pressure,.

q
.

k~m 2 lb/ft2

6.25 1.28
.

.
25.0 5.12

__L56.7 11,61

.

m/6ec I ft/sec

20.0 6!5.62

24,9 81.69

29.9 98.10

34*9 114.50

40.0 131.23

45.0 147.64

g

138

215

309

412

531

660

lb

.304

.474

.681

.908

1.171

1.455

cm2

5=4.4

54.4

54.0

53*o

52.2

51.1

2in

8.43

8.43

8.3’7

8.22

8.09

7.92

Velocity, Velocity througk Quantity of

v
radiator section, air flowing

I
v= through

Q

m/see I ftjsec m/see

10*o 32.81 4.0

20.0 65,62 8.5

Ift/sec l/see 1/ft3sec

13.12 I 22.4

27.89 47.5

41,34 7i.o

.79

1.68

2.51
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Table VII.

E.~eriment 7. Radiator alone.

Re~istance.

pressure,
I

Velocity, Resistance, Resistance surface,
q v II

kg/m2 lb/ft2 m/see ft/sec g lb
I 1 I

11.3

13.9

20.5

30.0

36,0

47.8

2*31

2.85

4.20

6.14

‘7.37

9.79

pressure,

c1

-=@-b=-
24.6

34.0

42.9

55,2

70,8

95*4

122.0

137.0

160.0

5*04

6.96

8.79

11.30

14.50

19.54

24.99

28.06

32.77

13,4

14*9

18.1

22,9

24,0

27.6

43.96

48.88

59.38

71.85

78,74

90.55

Table VII (Cont.)

Air flow.

Velocity,

v

njsec

19.8

23.3

26.2

29.7

33.6

39.0

44.2

46.8

50.6

57,9

73.4

106.1

153.5

183.7

248.0

ft/sec

64.96

76.44

85.96

97● 44.

110.24

127.95

145.01

153.54

166.01

,128

.162

.234

.338

.405

.547

52.8 8.18

51.9 8.04 ‘

51.0
I
7.91

51.0 I 7.91

51.9 I 8.04 ‘

Velocity throti Quantity of
radiator section, air flo%ing

Vr through, ,

I Q
m/see ft/sec 2/see +sec

11.4

13.5

17.7

20.4

23.4

26.0

28.2

30.2

37.40 ~ 63.8

44.29 75.5

50.20 85.8

58.07 99.1

66.93 114.0

76.77 131.0

85.30 I 146.c1
92.52 I 158.0
99.08 I 169.0

2.25

2.67

3.03

3.50

4.03

4.63

5.16

5,EG

5.97
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Lap

R—

-.%J--- !
I-----V--J’

Section A-B

A

a=sg mm (2.28 in.)
b=sO mm (1.g7 in.)
c=33 mm (1.30 in.)
d=lg2 mm (7.56 in.)

gg~(~;%;~

.

i~l~ mm ( 14 in:)~3
j=124 mm ( . ~G in.
k=llL mm (4.49 in. 1
1=75 m (2.95 in.)

m=250 mm (9.84 in.)
n=l~l mm (5.94 in.)
b=63 mm {2.% i-n.)
P=229 mm (9.02 in.)
q=200 mm (7.87’in=) .

J
r=20 mm (g.~ in.)
e&#2 mm (9.61 in.)
tE210 mm (10.63 in.)

?
u=l O mm (5.91 in.)
v=2 6 mm (9.69 in.)
w+054 mm (41.50 in.)
x=4 mm (.16 in.)

-,.
Fig. 1 Model of fuselage of D type airplane

. . . .
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V=ft/sec
50 100 l~o

70

~ 60

‘~ 50
m 4CI
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‘;PIEEEI
10 20 30 40 50

V=rn/sec

17.5

25.0

12.5

10.0
‘~

7.5 :L

5.0

2.5

0

1. Fuselage
2. Fuselage
3. All side

with hood 6. Discharge thrmg~ end of fuselage
without hood ~. Radiator &lone
vents open 8. Fuselage with radiator model

~. Four forward vents open$l.Fuselage with ~%P@~ ra~ator
5. Four rear vents open 10. Fuselage with Mercedes radiator

Fig. 2 Resistance surface of fuselage plotted against ~eed~

-<-,
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Fig. 3 Quqntity of air flowing through
radiator plotted against speed

Q=cu,fI

100C
12 3.

15
t$o

~ 60

; 40
5mu “-

(15 sec
567

xv # t f J > 1 I r !

o I l-i o

a=20 ra/Gec (65.6 ft/see)
b= O rn/sec(gg.x ft/see)
ic= O m/see (131.2 Zt/see)

d=bo m/see (264.0 ft/see)

Fig. + Resistance%mface plotted against
airflow a.tdifferent speeds


